1. Introduction
===============

Colorectal cancer is the third most common cancer in the world, with nearly 1.4 million new cases diagnosed in 2012.^\[[@R1]\]^ The Republic of Korea has the highest rate for increasing incidence of colorectal cancer, followed by Slovakia and Hungary.^\[[@R1]\]^ People with localized rectal cancers without metastasis to distant sites are usually treated with surgery.^\[[@R2]--[@R4]\]^ Additional treatment with radiation and chemotherapy may also be used before or after surgery. Approximately 15% to 30% of patients experience a pathologic complete response; however, the association between responses and biomarkers is unclear.

At present, a limited number of studies reported that several biomarkers can predict response of neoadjuvant chemoradiotherapy in rectal cancer. These studies have sometimes conflicting results.^\[[@R5]--[@R9]\]^

If we were able to predict the response to neoadjuvant chemoradiation therapy (CRT) at diagnosis, it would be helpful to predict the prognosis of each patient and to implement the adaptive therapy.

The standard of care for patients with locally advanced rectal cancer is preoperative CRT. The feasibility of predicting tumor responses may significantly implicate the choice of patients for preoperative CRT as well as potentially modifying postoperative treatment plans.^\[[@R2]--[@R4]\]^ However, the accuracy of currently available imaging modalities such as computed tomography, magnetic resonance imaging, or positron emission tomography on restaging patients with preoperative CRT is less favored than was originally expected.^\[[@R10]--[@R12]\]^ Therefore, the search for molecular predictors for response to CRT in rectal cancer is necessary, and the identification of such biomarkers has been of great interest in the field of oncology in recent years.^\[[@R7],[@R12]--[@R16]\]^

Promising candidate molecules have been reported for preoperative CRT in rectal cancer with potential roles in the prediction of radiation therapy, including factors of angiogenesis, apoptosis, and tumor cell proliferation.^\[[@R7],[@R12]--[@R14],[@R16]--[@R26]\]^ Although these markers have been identified as potential surrogates of response, none have been simultaneously validated using the same group of patients. In addition, no specific tumor biology-based predictive markers have made their way into clinical practice.

Epidermal growth factor receptor (EGFR) expression has been reported to be overexpressed in 25% to 82% of colorectal cancers and therefore has become a molecular chemotherapeutic target.^\[[@R27]\]^ However, the chemoradiotherapeutic significance of EGFR overexpression in colorectal cancer remains uncertain.^\[[@R27],[@R28]\]^ Death-domain associated protein (DAXX) might play an important role in colon carcinogenesis and apoptosis.^\[[@R29]\]^ Programmed death-ligand 1 (PD-L1) positivity was reported to be associated with colorectal carcinomas with the right or transverse colon with poorly differentiated and mismatch repair deficiency.^\[[@R30]\]^ Also, p-signal transducer and activator of transcription 3 (p-STAT3)has been reported as constitutively activated in colon cancer-initiating cells and necessary for proliferation and survival for colon cancer cells.^\[[@R31]\]^ Lastly, vascular endothelial growth factor (VEGF) has an important role for the tumor microenvironment for radiotherapy.^\[[@R32]\]^ It was therefore hypothesized that these 5 molecules might predict the response of CRT in colon cancer in the light of their function in colon cancer.

The aim of this study was to evaluate the potential of EGFR, VEGF, PD-L1, p-STAT3, and DAXX as molecular markers in pretreatment biopsies to predict complete response in rectal cancer treated with preoperative CRT followed by surgery.

2. Materials and methods
========================

2.1. Patients
-------------

Thirty-one patients with locally advanced mid-to-low rectal cancer who received preoperative CRT and surgery between January 2000 and December 2006 were retrospectively enrolled in this study. The tumors were located 1 to 15 cm from the anal verge (AV) and the median distance from AV was 5.00 ± 2.701 cm. Radiotherapy was delivered with a median total dose of 54 Gy (range, 22--54 Gy) in a median number of 27 fractions (range, 11--30 fractions) by the 4-field box technique. Chemotherapy of 5-fluorouracil (5-FU; 425 mg/m^2^/d) and leucovorin (20 mg/m^2^/d) was administered intravenously during the first and fifth weeks of radiotherapy. The operations included low anterior resection with colorectal or coloanal anastomosis and abdominoperineal resection. The study was approved by the local ethics committee of the Kosin University Gospel Hospital, Institutional Review Board (No. 2017-06-027-001).

2.2. Specimens
--------------

Tumor specimens from all 31 patients were obtained endoscopically (at least 5 × 5 × 5 mm) before the initiation of therapy. The samples were obtained from each patient and were fixed in 10% buffered formalin. The pathologic slides were prepared with hematoxylin--eosin staining and were reviewed by a gastrointestinal pathologist. Selected cases were available for both histological and immunohistochemical analyses with the condition of tumor cellularity higher than 50% of the biopsied tissue volume.

2.3. Methods
------------

### 2.3.1. Pathologic assessment

All surgical specimens were reviewed by a gastrointestinal pathologist blinded to clinical information. A complete response was reached if viable tumors were not formed and there was a lack of lymph node involvement (pN0).

### 2.3.2. Immunohistochemistry

Five-micron-thick sections were cut from the paraffin blocks, dewaxed in xylene, and rehydrated through a graded series of ethanol. Antigen retrieval was done by microwave treatment for 20 min at 98°C using 0.01 M citric acid buffer, pH 6.0. Endogenous peroxidase activity was quenched by incubating the sections in 3% hydrogen peroxide for 10 min at room temperature. Nonspecific binding sites were blocked through preincubation with 5% normal goat serum in phosphate-buffered saline for 10 min at room temperature. DAXX (1:200, Sigma-Aldrich, St. Louis, MO), VEGF, p-STAT3, EGFR (1:150--200, Dako, Copenhagen, Denmark), and PD-L1 (1:50, Cell Markers, San Francisco, CA) immunostaining was performed using respective polyclonal antibodies. Antigen--antibody complex was subsequently visualized using the Envision Detection System kit peroxidase/DAB (Dako, Glostrup, Denmark) and counterstained with hematoxylin. Negative controls were used for the tested antibodies and the primary antibody was replaced by either mouse or rabbit nonimmune serum, as appropriate. All of the stained sections were evaluated in a blinded manner without prior knowledge of the patient data. Figure [1](#F1){ref-type="fig"} shows an example of molecular marker expression based on immunohistochemistry (×200). To analyze the relationship between the degree of biomarker expression and clinical response, we set scores from 0 to 9 according to the expression of EGFR, DAXX, VEGF, p-STAT3, and PD-L1.

![Molecular marker expression based on immunohistochemistry (×200). (A) Negative reaction is seen in rectal adenocarcinoma. (B) EGFR immunostaining shows a positive reaction in rectal adenocarcinoma, moderately-differentiated. (C) DAXX immunostaining shows a positive reaction in rectal adenocarcinoma, well-differentiated. (D) VEGF immunostaining shows a positive reaction in rectal adenocarcinoma, well-differentiated. (E) STAT3 immunostaining shows a positive reaction in rectal adenocarcinoma, mucinous type. (F) PD-L1 immunostaining shows a positive reaction in rectal adenocarcinoma, moderately-differentiated. DAXX = death-domain associated protein, EGFR = epidermal growth factor receptor, PD-L1 = programmed death-ligand 1, STAT3 = signal transducer and activator of transcription 3, VEGF = vascular endothelial growth factor.](medi-98-e16190-g001){#F1}

### 2.3.3. Evaluation immunohistochemistry

Immune reactions were evaluated with the use of a nomogram as reported by Vilkin et al,^\[[@R33]\]^ which incorporates both the proportion of positive cells and staining intensity. The percentage of positive cells was scored as 0 (negative), 1 (1--10%), 2 (11--50%), 3 (51--80%), and 4 (\>80%). The intensity of positive staining was scored according to the mean optical density with 4 groups: 0, no staining; 1, weak staining (light yellow); 2, moderate staining (yellow brown); and 3, strong staining (brown). These 2 scores were multiplied together and a final score was assigned as follows: 0 to 1 (negative), 2 to 5 (low-expression), and \>6 (high-expression).

### 2.3.4. Statistical analysis

Statistical evaluations were carried out using SPSS for Windows, Version 24.0 (SPSS, Chicago, IL). To compare variables, the Chi-squared test or Fisher exact test were used for qualitative variables and the Student *t* test was used for the quantitative variables. Categorical data were analyzed using the Fisher exact or Chi-squared tests. Logistic regression univariate analysis was used to identify variables that predicted a complete response. A *P* = .05 or less was considered statistically significant.

3. Results
==========

3.1. Patients
-------------

A total of 31 patients were included in this study (Table [1](#T1){ref-type="table"}). The median age was 53 years (range, 32--68). Of the 31 patients, 21 patients (67.7%) underwent anterior resection, 6 (19.4%) underwent Miles operation, 2 (6.5%) underwent a transabdominal transanal procedure, and 2 (6.5%) underwent Hartmann operation. Assessment of surgical specimens revealed 9 patients with a complete response (29.0%), 1 T1 (3.2%), 6 T2 (19.4%), 12 T3 (38.7%), and 3 T4 (9.7%) with 25 N0 (80.6%), 0 N1 (0.0%), 3 N2 (9.6%), and 3 N3 (9.6%) patients. Only 2 patients (6.5%) showed distant metastasis. Additionally, 4 (12.9%) patients showed perineural invasion and 2 patients (6.5%) showed lymphovascular invasion.

###### 

Patients characteristics.

![](medi-98-e16190-g002)

3.2. Biomarker expression
-------------------------

Expression of the 5 tested biomarkers is shown in Figure [2](#F2){ref-type="fig"}. PD-L1 positivity was revealed in 7 (22.6%) out of 31 patients with 4 (12.9%) at low-expression and 3 (9.7%) at high-expression levels. CR was found in 3 (33.3%) out of 9 patients with 1 (11.1%) low-expression and 2 (22.2) high-expression, and non-CR was found in 4 (18.2%) of 22 with 3 (13.6%) low-expression and 1 (4.6%) high-expression. EGFR positivity was revealed in 22 (71.0%) of 31 patients with 11 (35.5%) low-expression and 11 (35.5%) high-expression. CR was found in 8 (88.9%) of 9 patients with 3 (33.3%) low-expression and 5 (55.6%) high-expression, and non-CR was found in 14 (63.6%) of 22 patients with 8 (36.4%) low-expression and 6 (27.3%) high-expression. VEGF was positivity revealed in 26 (83.9%) of 31 patients with 20 (64.5%) low-expression and 6 (19.4%) high-expression. CR was found in 8 (88.9%) of 9 patients with 5 (55.6%) low-expression and 3 (33.3%) high-expression and non-CR was found in 18 (81.8%) of 22 patients with 15 (68.2%) low-expression and 3 (13.6%) high-expression. p-STAT3 positivity was revealed in 25 (80.6%) of 31 patients with 21 (67.7%) low-expression and 4 (12.9%) high-expression. CR was found in 8 (88.9%) of 9 patients with 6 (66.7%) low-expression and 2 (22.2%) high-expression, and non-CR was found in 17 (77.3%) of 22 patients with 15 (68.2%) low-expression and 2 (9.1%) high-expression. DAXX positivity was revealed in 31 (100%) out of 31 patients with 12 (38.7%) low-expression and 19 (61.3%) high-expression. CR was found in 9 (100%) out of 9 patients with 4 (44.4%) low-expression and 5 (55.6%) high-expression and non-CR was found in 22 (100%) of 22 patients with 8 (36.4%) low-expression and 14 (63.6%) high-expression. Figure [2](#F2){ref-type="fig"} shows distribution of biomarker expression.

![Biomarker expression. DAXX = death-domain associated protein, EGFR = epidermal growth factor receptor, PD-L1 = programmed death-ligand 1, STAT3 = signal transducer and activator of transcription 3, VEGF = vascular endothelial growth factor.](medi-98-e16190-g003){#F2}

The mean serum prechemoradiotherapy CEA level was 11.51 ± 15.061 for all patients, of which CR level was 16.71 ± 23.398 and non-CR was 9.39 ± 9.958. The mean serum prechemoradiotherapy pre-CRT CA19-9 level was 50.618 ± 127.52 for all patients, of which CR level was 16.71 ± 23.398 and non-CR was 63.032 ± 150.299.

3.3. Correlations between the 5 biomarkers and CR
-------------------------------------------------

Correlations between the 5 biomarkers and CR are shown in Table [2](#T2){ref-type="table"}. Logistic regression analysis was used to identify factors independently associated with CR in rectal cancer; VEGF expression was significantly correlated with CR (*P* = .01), and only VEGF expression was found to be a significant independent predictive factor (95% confidence interval 1.10--2.85, *P* = .01). When the patient population was classified according to CR criteria, 4 markers (PD-L1, DAXX, p-STAT3, and EGFR) failed to affect the probability of CR. Regarding the correlation of clinicopathologic parameters and biomarker expression, VEGF expression was significantly associated with p-STAT3 expression (*P* = .005).

###### 

Univariate analysis of biomarkers predict for complete response.

![](medi-98-e16190-g004)

4. Discussion
=============

Although surgical resection has been the primary treatment for localized rectal cancers, additional treatment prior to surgery for advanced cases has been required. It is now evident that preoperative CRT is not equally beneficial for all patients with locally advanced rectal cancer who are routinely recommended to receive preoperative combined modality therapy.^\[[@R2]--[@R4]\]^ Some patients have a minimal response to preoperative therapy, whereas others have no detectable tumor cells in the surgical specimen. The ability to predict tumor response before treatment may significantly impact the selection of patients for preoperative CRT as well as the potential to modify the postoperative treatment plan. Therefore, the identification of biomarkers to predict the response for preoperative CRT has emerged. Several candidates as predictive CRT biological markers have been suggested; however, the results were often inconclusive and although gene-expression signatures associated with different clinical variables have been proposed, the clinical impact remains poor.^\[[@R7],[@R12]--[@R16]\]^

This study aimed to identify biomarkers that predict CR in preoperative biopsied specimens from patients with locally advanced rectal cancer treated with preoperative CRT, including molecules involved in angiogenesis (VEGF), apoptosis (DAXX, p-STAT3), tumor cell proliferation (EGFR), and immune response (PD-L1). We found that VEGF expression provides an anticipating CR target for rectal cancer with preoperative CRT. VEGF expression was the only factor with an independent predictive value for CR after CRT in rectal cancer. Hur et al^\[[@R34]\]^ reported that VEGF mRNA expression was not a predictive biomarker of CR and Qiu et al^\[[@R14]\]^ also reported pretreatment VEGF level was unrelated to histological response. However, Zlobec et al^\[[@R19]\]^ found a significant association between the radiation response of rectal cancer and VEGF expression, where loss of VEGF and positive EGFR were predictive of complete pathologic response in patients undergoing preoperative radiotherapy. In this study, VEGF and EGFR showed a negative correlation with CR; however, the loss of VEGF and positive EGFR were not significantly independent predictive factors for CR.

The expression of apoptosis factors, such as bax, p53, and survivin in rectal cancer specimens has also been shown to predict tumor responses to CRT in several investigations.^\[[@R20]--[@R22]\]^ In this study, DAXX, which has a role in apoptosis, was not related to the response of preoperative CRT. This discordant result might be due to different roles based on tissue or tumor type. In ovarian cancer, DAXX has been shown to promote ovarian cancer cell proliferation and chemoresistance in ovarian cancer cells.^\[[@R29],[@R35]\]^

In this study, p-STAT3 expression was not related to CR. Because p-STAT3 is constitutively activated in colon cancer-initiating cells,^\[[@R31]\]^ p-STAT3 was assumed to be a biomarker predicting CRT. There is no exploration for the relationship of DAXX or p-STAT3 and the response to chemoradiotherapy. In this study, EGFR expression was not correlated with CR, although theoretically EGFR is supposed to be correlated with CRT response. Combined VEGF and EGFR (loss of VEGF and positive EGFR) can be predictive of CR.^\[[@R19]\]^ One report suggested that EGFR is a predictor of tumor response to preoperative radiotherapy.^\[[@R36]\]^ If the appropriate cases could be added to this study, the results might show this to be a significant predictor for CR. In this study, conflicting results or discrepancies with previous reports probably reflect differences in study design, patient selection, sample size, scoring molecular marker positivity, and patient cohort including stage at presentation, regimen of chemotherapy, and dose of radiation administered among different studies. There are also limitations to this study. First, although CR was the study end point in this analysis, other possible study end points such as TNM downstaging, could have been significant confounding variables because there is extensive heterogeneity in non-CR tumors. Second, assessing whether the response by molecular markers predicts long-term recurrence and/or survival rates was not evaluated, although the response after preoperative CRT seems to be a strong prognostic factor. Third, limitation of this study is the small sample size. To address these limitations, continued efforts will include the collection of specimens from additional patients to further validate these results.

5. Conclusions
==============

It was confirmed that VEGF expression from diagnostic biopsy specimens before surgery was a factor associated with complete response after a preoperative chemoradiotherapy. The expression of the biomarker from the preoperative biopsy specimen which is associated with the response of preoperative chemoradiotherapy is not yet well known. In conclusion, although there is a restriction of small sample size, our finding suggested that this study can be foundation for a larger further study for biomarkers which can predict neoadjuvant therapy response of specimens obtained for diagnosis before surgery.
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